Abstract---A new type of automatic, hypochlorous acid sensor is proposed which is simple in structure, low in price, and easy for maintenance, using no electrolytes or membrane. Sample water is contained in two cells, in one of which HOCI is catalytically decomposed by fine Ni powders that are dispersed by a magnetic stirrer. We measure difference between Au electrode potential of the decomposed water and that of undecomposed water, which corresponds to the output potential of "concentration cell" of HOCI aqueous solution. A prototype sensor gave output of 30mv, against 20ppm HOCI water, with measuring time of 5min. We found that Ni powders (48 nm in average diameter) exhibit stronger HOCI-decomposition catalytic activity than y-Fe 2 0 3 powders (23nm), and that it is not Ni metal but rather the oxidized NiO surface layer which plays a dominant role in the catalytic decomposition of HOC I.
I . INTRODUCTION
City water is disinfected by hypochlorous acid (HOCI) [1] , the concentration of which is measured by colorimetry [2] - [3] , absorptimetry [4] - [6] and amperometry [7] - [9] . Automating these methods requires elaborate systems, which makes the existing automatic HOCr sensors expensive. Furthermore, the existing automatic sensors require intricate maintenance; colorimetry and absorptimetry consume chemicals (these become luminous or absorptive when reacted with HOCl), and amperometry requires changing membrane caps and electrolyte fillings (e.g. KCl) for electrodes.
In this paper, we propose a new type of automatic hypochlorous acid sensor, which is simple in structure, low in price, and easy for maintenance. The novel sensor utilizes fine Ni powders as HOCI-decomposing catalysts and applies a magnetic separation technique to expedite the measurement. We compared the catalytic activities of Ni and 'Y-FeP3 powders, and we examined which decomposes HOCI, Ni or NiO (made on the surface of Ni).
IT . PRINCIPLE OF SENSOR
As shown in Figure 1 , sample water is contained in two cells which are connected by a vinyl tube, each having a Au electrode and a magnetic stirrer. In one cell HOCI is catalytically decomposed by fine ferromagnetic particles of either Ni or 'Y-Fe203' which are dispersed and agitated by the magnetic stirrer. Since HOCI in the other cell (having no catalytic powders) is not decomposed, a socalled "concentration cell" of HOCI aqueous solution is formed by the connected cells. Thus we obtain an electric potential difference between the two Au electrodes due to the difference in the HOCI concentration of the two cells.
We can, therefore, measure the concentration of HOCI in the sample water as long as the calibration is made beforehand. 
m. EXPERIMENTAL
The HOCI sample water was made from a NaCI aqueous solution, which was electrolyzed, diluted with distilled water, and added with NaOH to adjust its pH to 7.4. The concentration of HOCI in the sample water was measured by a DPD chlorine pocket colorimeter (Hach CO., LTD. 46700-00), consuming one ml of test water for each measurement.
To compare the catalytic activity for HOCI decomposition by fine particles of Ni and 'Y-Fe203 (specified in Table I ), the powders (0.2g in weight) were added to a 9ml of sample water contained in a flat-based glass test tube (20mm in inner diameter). The water was stirred by a magnetic stirrer and the HOCl concentration measured by an X-V recorder. was measured as a function oftime. Table IT ) to recover the NiO layer on the surface, with which the decomposition experiment was performed for the third time. A prototype HOCI sensor was constructed using a pair of flat-based glass bottles (volume: 9ml, inner diameter: 20mm) as the connected cells shown in Figure 1 . The bottles have plastic caps holding the Au electrodes and the vinyl tubes (2mm in inner diameter) through which the sample was conducted to fiU the bottle. Stirring the magnetic stirrer around 1000 rpm, the output potential was Figure 2 shows that the Ni powders decompose HOCI at a speed much higher than the y.Fe z 0 3 powders, even though the former have bigger average diameter (-48nm) and, therefore lower specific surface area (-14m 2 /g), than the latter (-23nm and 46m 2 /g).
I2
,,-... As shown in Figure 4 (a), the output potential of the prototype sensor rapidly increases as the stirrer begins to rotate. The potential becomes saturated after the lapse of about5min. Figure 4 (b) shows the potential obtained for 5min. measuring time, plotted as a function of the HOCI concentration. The potential increases at first linearly and then saturates, reaching 25mV at 20ppm. V. CONCLUSION Our main results are summarized as follower:
(1) The Ni powders (-48nm in diameter) decompose HOC] at a higher speed than the y-Fe 2 0 3 powders (-23nm), though in our experiment the former had lower specific surface area. (2) The oxidized surface layer of NiO plays a dominant role in the catalytic activity for HOCl decomposition by Ni powders. (3) A prototype HOCI sensor gave output potential of 20mV against 20ppm HOC I concentration for a measuring time of 5min ..
To put the sensor into practical use, studies are continuing to optimize the structure of the cells and the measuring process.
